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The Impact of Cirrhosis on CD4 Background. Studies of the progression liver fibrosis in human immunodeficiency virus (HIV) and hepatitis C virus-coinfected patients suggest that cirrhosis is associated with immunosuppression, as measured by low absolute CD4 + T cell counts. However, we hypothesized that, in patients with advanced liver disease, low CD4 + T cell counts may occur secondary to portal hypertension and splenic sequestration, regardless of the presence or absence of HIV infection.
Methods. Sixty HIV-seronegative outpatients with cirrhosis were enrolled during the period 2001-2003 in a prospective, cross-sectional study of the association between liver disease and CD4 + T cell counts and percentages. Demographic characteristics, liver disease-related characteristics, and laboratory results-including CD4 + T cell parameters-were collected.
Results. A total of 39 patients (65%) had a low CD4 + T cell count; 26 patients (43%) and 4 patients (7%) had CD4 + T cell counts !350 and !200 cells/mm 3 , respectively. Abnormal CD4 + T cell counts were associated with splenomegaly ( ), thrombocytopenia ( ), and leukopenia ( ). The percentage of CD4 + P p .03 P p .002 P ! .001 T cells was normal in 95% of patients who had a low absolute CD4 + T cell count. CD4 + T cell counts were significantly lower among cirrhotic patients than among 7638 HIV-seronegative historic control subjects without liver disease.
Conclusions. Cirrhosis is associated with low CD4 + T cell counts in the absence of HIV infection. Discordance between low absolute CD4 + T cell counts and normal CD4 + T cell percentages may be attributable to portal hypertension and splenic sequestration. Our findings have significant implications for the use and interpretation of absolute CD4 + T cell counts in HIV-infected patients with advanced liver disease.
In natural history studies of hepatitis C virus (HCV)-infected patients, accelerated rates of fibrosis progression have been associated with an HIV-seropositive status, especially in the setting of low CD4 + T cell counts. Five studies that compared HIV-HCV-coinfected patients to subjects with HCV infection alone found that progression to cirrhosis was associated with immunosuppression [1] [2] [3] [4] [5] . In these studies, CD4 + T cell counts in the HIV-seronegative-HCV-infected control groups were assumed to be normal. It was con-cluded that advanced HIV infection, as reflected by low CD4 + T cell counts, was associated with cirrhosis.
Whether cirrhosis itself can lead to depletion of absolute CD4 + T cell counts is unknown, but it is plausible. Portal hypertension is associated with leukopenia and thrombocytopenia through splenic sequestration; thus, it is possible that T-cell sequestration may occur as well. In addition, we have observed that many of our HIV-infected patients who have advanced liver disease (secondary to chronic viral hepatitis) have discor- aims: (1) to describe the distribution of CD4 + T cell counts in patients with cirrhosis and the relation of this distribution to CD4 + T cell percentage, (2) to examine whether viral versus nonviral etiologies of liver disease have a differential effect on absolute CD4 + T cell counts, (3) to examine the association between abnormally low CD4 + T cell counts and demographics and markers of liver dysfunction and portal hypertension, and (4) to compare the distribution of CD4 + T cell counts in patients with cirrhosis to those of historic control subjects who do not have liver disease.
METHODS

Patient population.
In a prospective, cross-sectional study, consecutive adult patients with advanced liver disease of various etiologies who were observed for development of cirrhosis at 2 gastroenterology clinics in Boston were recruited during the period [2001] [2002] [2003] . For inclusion in the study, patients had to be HIV seronegative and had to have cirrhosis, as determined by a liver biopsy or by clinical criteria (e.g., splenomegaly, esophageal varices, ascites, and jaundice). The presence or absence of varices was determined from the results of endoscopy, performed either for bleeding or as a screening examination. HIV status was established prior to enrollment as part of the routine pretransplant evaluation criteria or by patient request. Exclusion criteria included fulminant liver failure, active bacterial infection, use of immunosuppressive therapy (including corticosteroids), consumption of 12 alcoholic drinks per day for men or 1 drink a day for women [6] , and history of splenectomy. The goal of recruitment was to prospectively enroll 60 HIV-seronegative patients with viral and nonviral etiologies of liver disease. The Institutional Review Board of Tufts-New England Medical Center (Boston, MA) approved the research protocol. All study participants provided written informed consent prior to study enrollment.
Clinical and laboratory data. Two physicians and a research nurse gathered data from patients' medical charts and the computerized database for documentation onto a structured questionnaire. The following data were collected: demographic characteristics (age, sex, and race), etiology of liver disease (hepatitis B or C, alcohol related, cryptogenic cirrhosis, primary biliary cirrhosis, sclerosing cholangitis, autoimmune hepatitis, a-1 antitrypsin, and steatohepatitis), physical findings at the time of enrollment (including the presence of splenomegaly, as documented by the attending hepatologist), and laboratory data.
Definitions and tests. The severity of liver disease was assessed using Child-Pugh-Turcotte (CPT) scores [7] . Classification of CPT scores was assigned by the attending hepatologist on the basis of established criteria that use laboratory parameters of synthetic function (bilirubin, prothrombin, and serum albumin) and clinical assessment (presence of encephalopathy or ascites). CPT scores range from 5 to 15 points, with higher scores indicating more severe liver dysfunction.
Whole-blood samples were collected in EDTA anticoagulant for measurement of absolute CD4 + T cell counts and CD4 + T cell percentages. Samples were kept at room temperature and processed within the same day of collection, as recommended by the Centers for Disease Control and Prevention (CDC) [8] . Flow cytometry was performed on a Beckman-Coulter Epics XL (Beckman-Coulter) in the clinical laboratory of Tufts-New England Medical Center, which processes 1200 clinical samples for flow cytometry on a monthly basis. Controls are set up daily and samples are processed at room temperature within 24 h of receipt, as recommended by CDC guidelines [8, 9] . The accuracy of the assay is also confirmed by surveys from the College of American Pathologists (CAP), which are performed every 4 months [9] . A CD4 + T cell count !550 cells/ mm 3 and a CD4 + T cell percentage !30% were defined as abnormal in the laboratory where the flow cytometry was performed.
Historical controls. To establish a group of historical controls, we used published reports of CD4 + T cell counts in HIVseronegative persons. The distribution of CD4 + T cell counts and percentages in HIV-seronegative persons is known, validated, and used as references in flow cytometry assays [9] . We searched the Medline database to identify all studies reporting the distribution of CD4 + T cell counts in HIV-seronegative persons (date of last search, 1 November 2005). Search terms included "lymphocyte subsets," "T-cell subsets," and "CD4 + T cells." Because CD4 + T cell counts are affected by age (they are higher in children), but are only minimally affected by race or geography, we excluded studies that enrolled persons !18 years of age but not studies that included patients in countries other than the United States. We also excluded studies that (1) did not report the mean or variance of the CD4 + T cell distribution, (2) did not use flow cytometry as the testing method, and (3) only included patients with a specific illness or liver disease.
Using a random-effect model, we calculated a grouped, weighted mean and SE based on the sample size, mean, and SD of each of the reports. We subjected the grouped mean and the SE, as well as the mean and SE from our group of patients with advanced liver disease, to a t test formula. This allowed us to calculate a t statistic and to obtain a P value for the likelihood that the distribution of CD4 + T cell counts observed in our study is similar to that reported in historic controls.
Analysis. We examined the association between 2 levels of abnormal CD4 + T cell counts, !550 cells/mm 3 and !350 cells/ mm 3 , and patients' demographic characteristics and characteristics of liver disease in univariate analyses. The cutoff of 550 cells/mm 3 was chosen because any result below this number was considered abnormal in the validation assays for our flow cytometry test. The cutoff of 350 cells/mm 3 was selected because this threshold is often used for the initiation of antiretroviral therapy in HIV-infected patients [10] . The x 2 test was used for binary variables and Student's t test was used for continuous variables. A P value !.05 determined statistical significance. All analyses were performed using SAS software, version 8.1 (SAS Institute).
RESULTS
Demographic characteristics, etiology of liver disease, and CPT score class. Sixty patients with a history of cirrhosis were enrolled in our study. Most patients were white (54 patients [90%]) and male (38 patients [63%]) (table 1). The mean age was 50 years. Thirty-two patients had viral etiologies of liver disease, including hepatitis C (31 patients) and hepatitis B (1 patient). The remaining 28 patients had nonviral etiologies, including alcoholic cirrhosis (12 patients), primary biliary cirrhosis (4 patients), primary sclerosing cholangitis (5 patients), cryptogenic cirrhosis (4 patients), steatohepatitis (1 patient), autoimmune hepatitis (1 patient), and a-1 antitrypsin deficiency (1 patient). CPT scores were as follows: class A (21 patients), class B (24 patients), and class C (15 patients). (table 2). Lower albumin levels and occurrence of hepatic encephalopathy were associated with a CD4 + T cell count of !350 cells/mm 3 (P values of .03 and .04, respectively). The ratio of CD4 + T cells to CD8 + T cells and the level of transaminases, total bilirubin, or international normalized ratio did not correlate with the presence of low CD4 + T cell counts. The association between low CD4 + T cell counts and clinical markers of portal hypertension was also explored. When analyzed as a continuous variable, lower CD4 + T cell counts were associated with the occurrence of esophageal varices ( ), P p .02 splenomegaly ( ), and any manifestation of portal hy-P p .04 pertension (defined as having evidence for at least 1 of the following: splenomegaly, encephalopathy, ascites, or esophageal varices;
Distribution of CD4 + T cell counts and its relation to CD4 + T cell percentage. The distribution of CD4 + T cell counts was approximately normal (figure 1
). Low absolute CD4 + T cell counts were also P ! .01 associated with lower levels of the following laboratory parameters: albumin ( ), leukocytes ( ), platelets ( P p .03
+ T cells ( ), and hematocrit ( ). .01 P ! .01 P p .03 Comparison of the distribution of CD4 + T cell counts in patients with advanced liver disease with historic control subjects. In a search of the literature, we identified 15 articles that qualified for inclusion of historic control subjects without cirrhosis (figure 2) [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] . These reports included 7638 HIVseronegative adults from multiple countries. The weighted grouped mean of the CD4 + T cell count in historical controls was 925 cells/mm 3 , and the grouped SE was 3 cells/mm 3 . In our 60 cirrhotic subjects, the mean CD4 + T cell count was 492 cells/mm 3 , with a SE of 36 cells/mm 3 . The difference in CD4 + T cell counts between that of the group of patients with advanced liver disease and that of historic control subjects (without cirrhosis) was statistically significant at . P ! .001
DISCUSSION
Our study results highlight a previously unreported association between low absolute CD4 + T cell counts and cirrhosis in the absence of HIV infection. Sixty-five percent of our study cohort of cirrhotic patients had abnormally low CD4 + T cell counts In contrast, 95% of those with abnormal CD4 + T cell counts had normal CD4 + T cell percentages. Low CD4 + T cell counts in these patients were not associated with demographic characteristics or with the etiology of the underlying liver disease. We believe that low CD4 + T cell counts are the result of global sequestration of blood cell lines related to portal hypertension. This hypothesis is supported by the strong association between low CD4 + T cell counts and splenomegaly, leukopenia, and severe thrombocytopenia-conditions that are commonly seen in patients with cirrhosis, regardless of etiology [25] . These novel findings have far-reaching significance, because approximately one-third of all HIV-infected patients worldwide have chronic viral hepatitis and are at risk for developing advanced liver disease [26, 27] .
In studies comparing HIV-HCV-coinfected patients to patients with HCV alone, low CD4 + T cell counts have been linked to faster liver fibrosis progression rates in patients with concomitant HIV infection [1] [2] [3] [4] [5] . The authors concluded that HIV-associated immunodeficiency contributes to accelerated liver disease progression. These studies have inferred that control patients with HCV alone had normal CD4 + T cell counts. However, we have demonstrated that cirrhosis itself can lead to low absolute CD4 + T cell counts, in the absence of HIV infection. Future studies comparing HCV-related fibrosis pro-gression in HIV-seropositive patients with HIV-seronegative patients will need to measure CD4 + T cell counts and percentages in both groups to accurately study the strength of the association between HIV-associated immunosuppression and cirrhosis.
Our study results also have implications for the observation that patients with HIV-HCV coinfection have a "blunted" immune response to antiretroviral therapy. A recent metaanalysis of 8 trials involving 6216 patients demonstrated that HIV-HCV-coinfected patients had a mean increase in the CD4 + T cell count that was 33 cells/mm 3 less than the mean increase for HIV-infected patients without HCV infection [28] . Whether splenic sequestration of T cells may play a contributory role in this phenomenon is unknown. Accurate assessment of a patient's immunologic status is also critical when evaluating candidacy for liver transplantation in the HIV-infected patient [29] . However, absolute CD4 + T cell counts may not fully reflect the stage of HIV infection in the patient with advanced liver disease. We suggest that the use of CD4 + T cell percentages should be incorporated into liver transplantation protocols to assure a more precise assessment of the host's immunologic status. Finally, some studies of HIV-infected patients have demonstrated that use of CD4 + T cell percentages adds useful prognostic information in certain patient subgroups when compared with absolute T cell counts [30, 31] . Whether CD4 + T cell percentages may also help in assessing the immune status of HIV-infected patients with liver disease is unknown, but should be evaluated in future clinical trials. A potential limitation of this study is related to the lack of a contemporary control group consisting of healthy adults. However, the distribution of absolute T cell counts and percentages of T cell subsets were readily available from multiple studies that enrolled healthy adults, allowing a comparison of our findings with validated results from historic controls. The small differences in CD4 + T cell counts observed among HIVseronegative adult patients from different countries, races, and sexes cannot account for the substantial differences observed between CD4 + T cell distributions in our cohort and the historic controls. Furthermore, biologic variability in T cell assessments (ranging from 6%-8% in HIV-seronegative patients) [32, 33] does not explain the significant abnormalities of CD4 + T cell counts that were noted in our study. In summary, cirrhosis is associated with low CD4 + T cell counts in the absence of HIV infection. Future studies of fibrosis progression rates need to evaluate CD4 + T cell counts and percentages in all HCV patients, regardless of HIV serostatus, to accurately define the association between immunosuppression and liver disease. Liver transplant protocols for HIV-infected patients should incorporate the use of CD4 + T cell percentages to better assess the candidate's immunologic status.
